Fibre reinforced concrete (FRC) has been found to improve strength, ductility, toughness, and durability of the structures. The application of FRC includes tunnel lining, ground slab, façade and many more. However, when exposing them to high temperature such as fire, there is still little information on the impact on its mechanical properties. The main objective of the study is to understand the fundamental behaviour of FRC when it is exposed to elevated temperature. However, rather than relying on one type of fibre, this study proposed of mixing two different types of fibre in concrete which will then be exposed to elevated temperature at normal temperature i.e. 27 C (room temperature), 200 C, and 400 C. The two types of fibres i.e. steel and propylene has different characteristics. The study is mainly focused on the experimental work. The fibre dosage will also be varied with percentage of steel-to-propylene of (100-0), (75-25), (50-50), (25-75) and (0-100) at 1.5% of fibres proportion from the volume of the concrete. Therefore this research is expected to answer the fundamental question whether if one type is vulnerable to fire, the other one will take place to avoid catastrophic failure of the whole structure. Experimental work will be carried out to study the impact of elevated temperature on the compressive strength, tensile strength, and flexural strength.
Introduction
Fibre reinforced concrete (FRC) displays improved flexural strength, toughness, ductility, and crack resistance. The mechanical properties of FRC can be affected when exposed to heat. Heat can come from many sources such as fire and prolonged high temperature on the exposed surface. It remains one of the most serious risks for tunnels, buildings and other concrete structures. Explosive spalling has been observed by many researchers often resulting in serious deterioration of the concrete [1] [2] [3] [4] . High temperature causes dramatic physical and chemical changes, resulting in the deterioration of the concrete [5, 6] . The absence of voids, which could relieve the continuous pressure build-up as a consequence of vaporization of evaporable water, may cause serious damage or even spalling to the concrete.
To reduce the risk of deterioration and spalling, previous literatures claimed that the use of fibre such as polypropylene and steel can have sufficient fire protection on the concrete structures [7, 8] . But minimal or even negative effects of polypropylene fibres on the residual performance of the heated concrete may also occur [9] . The initial moisture state of the concrete and the rate of heating may be the main parameters determining the effect of polypropylene fibres [10] . Therefore, there is necessity to quantify this claim in terms of the fibre dosage, the strength of the concrete and most important is to know the residual mechanical properties of FRC under exceptional actions such as high temperature from fire.
Literature Review
In this study, steel (ST) fibre and propylene (PP) fibre is used to achieve the objectives of the study. PP fibres significantly decrease the plastic shrinkage cracking as well as drying shrinkage cracking [11, 12] , while ST fibres approximately doubled the energy absorption capacity of the unheated concrete. They are effective in minimizing the degradation of compressive strength for the concrete after exposure to elevated temperature. In comparison, the use of PP fibres reduced the energy absorption capacity of the concrete, although it had minor beneficial effect on the energy absorption capacity of the concrete before heating.
In 2012, Bangi and Horiguchi [13] carried out test on high strength fibre reinforced concrete (HSC) using propylene, polyvinyl alcohol and steel fibres of varying lengths and diameters. Experimental and statistical study was carried out to investigate the effect of fibre type and geometry on the amount of maximum pore pressures measured at different depths exposed to elevated temperature. Pore pressure measurements showed that addition of organic fibres regardless of the type significantly contributes to pore pressure reduction in the heated HSC. Polypropylene fibres were more effective in mitigating maximum pore pressure development compared to polyvinyl alcohol fibres while steel fibres had a slightly low effect. Longer organic fibres of length 12 mm with smaller diameter of 18 μm showed better performance than the shorter ones of length 6 mm with larger diameter of 28 μm and 40 μm.
Most of the literature reviews showed that the use of fibres in concrete can significantly improve the concrete resistance. However, when exposed to elevated temperature, previous studies only tested for one or two parameters instead of the whole mechanical properties of FRC. Mixing only a single fibre can improve only a certain aspect of the mechanical properties and at the same time reduced some of its properties. This can be improved by mixing two or more types of fibres to overcome the weakness of such properties. The current fundamental research is proposed since there is still little information on the effect on the mechanical properties of concrete when mixed with two or more types of fibres and further exposed to elevated temperature.
Experimental Program
Experimental work is carried out to achieve the objectives of the study. In the experimental work, the total fibre volume fraction, Vf for both ST and PP fibres is applied at 1.5% from the volume of concrete. The application of Vf= 1.5% in this study is chosen based on the findings from previous study with the best percentage proportion for the combined fibres is 75% ST and 25% PP (75-25) [14] . In this study, the percentage proportions of the fibres are divided into five concrete batches: (i) 100% ST and 0% PP (100-0), (ii) 75% ST and 25% PP (75-25), (iii) 50% ST and 50% PP (50-50), (iv) 25% ST and 75% PP (25-75), and (v) 0% ST and 100% PP (0-100). Each concrete batch is exposed at 200 C and 400 C for one hour or 60 minutes, including one batch which is left exposed to room temperature (27 C). This means that in every concrete batch, there are 5 sub-batches. The number of specimens for each concrete batch is 3 cubes (150 mm 150 mm 150 mm), 3 prisms (150 mm 150 mm 550 mm) and 3 cylinders (150 mm diameter 300mm height). Concrete grade of C40 is used in the experimental work.
In calculating the volume of ST fibre to be mixed in concrete, Eq. (1) below is used given as:
( 1) where xst is the percentage of ST fibre and the steel density is taken as 7850 kg/m 3 . Meanwhile, for calculating the volume of PP fibre, Eq. (2) below is used given as: (2) where xpp is the percentage of PP fibre and the PP density is taken as 869.14 kg/m 3 .
Compression Test
In the compression test, apart from its compressive strength, the strain hardening behaviour is also studied in detailed. The compression test is carried out in accordance to BS EN12390-3: 2009 [15] . The test setup is shown in Fig. 1 . The cube size is 150 150 150 mm and 9 samples are casted for each concrete batch. The cubes undergo water curing at room temperature until the test day which is at 28 days. The compressive strength and weight of each cube are also recorded.
Splitting Tensile Test
Splitting tensile test carried out on cylinders is to determine the tensile strength of the concrete. The test follows BS EN12390-5: 2009 [16] . The test setup is shown in Fig. 2 . For each concrete batch, 3 cylinders are tested having size of 300 mm height and 150 mm diameter. They are water cured at room temperature for 28 days until the test day. 
Flexural Test
Flexural test is carried out on prisms to determine the flexural strength and also to study the cracking behaviour. The test follows BS EN14651:2005+A1:2007 [17] as shown in Fig. 3 . For each concrete batch, 3 prisms with size of 150 150 550 mm are prepared and they are water cured at room temperature for 28 days until the test day. Table 1 show the results from the compressive test for cubes which have been exposed to elevated temperature at 200 C and 400 C including the ones which are left at room temperature (27 C). The graphical relationship from the results in Table 1 is shown in Fig. 4 . From Fig. 4 , the findings show that there is very small difference of the compressive strength between the concrete batches. The relationship also shows that when the cubes are exposed to temperature up to 400 C, there is a decrement on the compressive strength. However, the percentage differences on the compressive strength are in the range of 1% to 20%. All samples from concrete batch of ST-PP (100-0), ST-PP (75-25), and ST-PP (50-50) are above the design concrete grade of C40. Table 2 show the results from the flexural test of prisms which have been exposed to elevated temperature at Table 3 show the results from the tensile test for cylinders which have been exposed to temperature at 200 C and 400 C, including the ones left at room temperature (27 C). The graphical relationship of the tensile strength for all concrete batches is shown in Fig. 6 . From Fig. 6 , the finding shows that most of all the concrete batches are above the control tensile strength of fct = 4.731 MPa for batch (0-0), except for batch ST-PP (25-75) at 400 C and also batch ST-PP (0-100) for all exposure conditions. This shows that the addition of fibres in the concrete mixture enhanced the tensile strength of the concrete. However, as more PP fibres are added to the mixture, there is a significant dropped in the flexural strength and even lower that the control value. The relationship also shows that when the cylinders are exposed to temperature up to 400 C, the tensile strength reduces. 
Results and Discussions
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Conclusion
The study concluded that when the samples exposed to elevating temperature increases, the strength of the concrete is reduced. This is because the concrete experienced spalling effect and at the same time it began to deteriorate. This makes the concrete become more brittle. However, the addition of fibres into the concrete mixture minimised the effects that occur in the concrete. The addition of fibres also enhanced the mechanical properties of the concrete, as 
